10
-10 mbar) in situ by organic molecular beam deposition (OMBD) onto clean and well-ordered Ag(111) single crystal surfaces. Prior to deposition, the Ag substrate was cleaned by repeated cycles of Argon ion sputtering (ion energy 600 eV) and subsequent annealing at 800 K. The substrates were checked before film deposition by x-ray photoelectron spectroscopy (XPS), low-energy electron diffraction (LEED) and near-edge xray absorption fine structure (NEXAFS). No traces of impurities could be detected, and sharp LEED-spots indicated a high structural order.
NTCDA monolayers were prepared by adsorption of 3-5 layer thick NTCDA films onto the substrate at room temperature and by subsequent desorption of the multilayers heating the sample to 390 K. The structural order was controlled by recording the respective first-order superstructure spots during the heating process. The sample temperature was monitored by a NiCr-NiAl thermocouple spot welded to the sample holder close to the sample. The temperature scale for experiments in different experimental setups may slightly vary (minimum absolute accuracy: ± 5 K, relative accuracy for one setup < 1 K).
SPA-LEED.
Experiments were carried out with a commercial high-resolution (SPA-) LEED instrument (Omicron). Typical emission currents were in the range of 1-5 nA; beam energies were 28 eV. All measurements were reproduced several times, so that effects caused by different substrate morphologies could be excluded. The calibration of reciprocal space was done with independent measurements on well-known commensurate superstructures (for example, PTCDA/Ag(111)) at different electron energies. No electron illumination was applied while cooling or heating the samples to avoid beam-induced effects.
NEXAFS. The NEXAFS spectra were recorded using the PM1-beamline at BESSY-II in Berlin. The absorption signal was measured by detecting the C-KLL Auger electron yield (AEY) with a VG CLAM-II electron energy analyser. P-and s-polarization of the incoming light, referring to a parallel and perpendicular orientation of incoming E-vector and plane of incidence, respectively, were established by rotating the sample around an axis perpendicular to the incoming beam and perpendicular to the E-vector. For planar molecules high absorption into π-orbitals occurs if the E-vector is perpendicular to the molecular plane due to symmetry arguments. The occurrence of structural phase transitions was controlled by conventional LEED.
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UPS. Experiments were performed with a SCIENTA R4000 analyser and a monochromatized
He-I source. The data presented in Fig. 4 were recorded using an emission angle of 35° in order to optimize the signal from the molecular states (S1). During the spectroscopic experiments the structural order/disorder was controlled using a conventional back-view LEED optics. In all experiments the samples were checked carefully for radiation damage during the data acquisition, and no significant influence on the data was observed on the timescale of the experiment.
Text for Supporting Online Material:
We note that LEED experiments yielded at least 3 additional superstructures for NTCDA/Ag(111) when the samples are kept at constant temperatures between 240 K and 180 K for longer time (t > 2 hours), i.e. the formation of new long-range ordered intermediate structures requires significantly more time (see Fig. S1 ). We should also note, that NTCDA monolayer on other low-index Ag surfaces do not exhibit this unique phase transition. This is another hint, that the interplay of intermolecular and interfacial interactions is very delicate and may constitute the driving force for the inverse melting in 2D NTCDA films on Ag(111). were observed after the sample was kept at the specified temperatures for more than 2 hours. 
